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ABSTRACT

The linear dimensional contraction of Stellite 6B due to trans-
formation from the face-centered cubic to the hexagonal close-packed
crystal structure was determined on 18 parts using 91 individual
measurements. The average contraction and the standard deviation of
the 91 individual measurements were determined té be 0.092% and

0.042%, respectively.
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INTRODUCTION

Stellite 6B* is a high-temperature cobalt base alloy which exhibits
excellent mercury erosion resistance and good mercury corrosion resistance.
Therefore, it was selected and employed as the reference SNAP-8 turbire rotor
and nozzle material. Tt was subsequently determined that at the turbine
operating temperatures (700-12580F) this alloy, in the forms employed in the
turbine, transforms from a face centered cubic (FCC) to a hexagonal close
packed (HCP) crystal structure. This transformation was produced in the
laboratory by thermally treating Stellite 6B for U4 hours at 1650°F followed
by 48 hours at 125OOF. The change in structure is accompanied by a volumetric
contraction of the material. Therefore, machined parts of Stellite 6B in the
FCC condition undergo a reduction in linear dimensions when transformed to the
HCP condition. To determine the extent of this contraction and its effect
on drawing tolerance requirements, various samples and actual parts were
dimensionally inspected before and after the transformation and the data were

analyzed statistically.

TEST PROCEDURE AND RESULTS

Various laboratory samples prepared from forgings and bar stock, and
thirty-seven actual TA parts were transformed using the laboratory thermal
treatment (see Table I). Ninety-one individual linear dimensional measurements
were made before and after transformation on eighteen of the pieces. The
number of dimensions obtained on each piece was dependent on the configuration
at the part being inspected. The laboratory samples were primarily thin,
narrow rectangular specimens and only the longest dimension was inspected in
two locations. On actual circular parts, however, several dimensions at
different circumferential locations around the periphery of the pieces were
obtained. The calculated average contraction and standard deviation were
0.092 and 0.042%, respectively (see Table II and Figure 1). Based on these
data and on the assumption that a normal distribution exists, there is a 99%

probability that 99% of the measured contractions due to the crystallographic

* 30Cr - 4.5W - 1.1C - 3 max Ni - 2 max Si - 3 max Fe - 2 max Ma - 1.5 max Mo



transformation of Stellite 6B will fall between 0% and 0.223% (see Figure 2).
Based on a plot of the individual data points (Figure 1) the assumption
of normal distribution is essentially true, but the curve stops at 0%
contraction because of the physical impossibility of growth occurring during the
transformation from FCC to HCP. This impossibility exists because the HCP
structure forms from rearrangement of the same number of atoms as the original
FCC structure but in a more dense population or smaller interatomic spacing
pattern. The more densely packed atoms cannot produce a larger volume of
metal. The data (Table II) indicate that a significantly greater variation
exists between specimens than within individuval specimens. This is demonstrateqd
by the standard deviations of 0.030% and 0.075% for variability within and
between specimens respectively, and by the 6.4 F ratio obtained. An F ratio
this large would be cbtained less than one time in a thousand if the specimens
were all being randomly selected from a homogeneous population. The large
variation in contraction, both within and between specimens, remains unexplained
at present. However, it i1s thought that anisotropy and possibly residual
stress patterns may influence the dimensional changes which occur. The
literature indicates investigators have found that the linear contraction of
pure cobalt due to transformation lies between 0.08 and 0.12%. This relatively
wide wariation also has not been explained but it has been theorized that

anisotropy and impurities may influence the contraction.

CONCLUSIONS

1. The crystallographic transformation of Stellite 6B from a FCC to a
HCP crystal structure is accompanied by a volumetric contraction of the alloy.

2. The mean linear contraction and standard deviation on data from
18 specimens are 0.092% and 0.042%, respectively.

3. There is a significantly greater variation in contraction between
specimens than within individual specimens.

Ly, The actual amount of contraction which will occur on a specific
part cannot be predicted with enough accuracy to permit the transformation
to be performed on a finish machined part for the turbine unless wider than

presently desirable tolerances are allowed.



RECOMMENDATIONS

1. Stellite 6B parts should be transformed to the HCP condition prior
to the final machining operation whenever possible to eliminate the effect of
contraction variability on part tolerance.

2, The anticipated range of linear contraction, 0.000% to 0.223%,
should be examined in relation to specific parts which have been finish machined
prior to the transformation to the HCP condition to determine if the anticipated
contraction is acceptable.

3. Further dimensional contraction data in three axes should be
obtained on Stellite 6B parts which are to be transformed. This will improve
the statistical understanding of the phenomena and could indicate if anisotropy

contributes to the variation in contraction.
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